Benchmarking:
What's Your Building’s Energy |Q?
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Describing complex systems;
Informing action

...e.g., the moon’s effect on earth

Tides in Acapulco (tsunami 12/26/2004
in red, superimposed on normals)
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Origins: Sea-
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Figure 1: Schematic of a Tide Gauge Absolute
Measurement System Red & Gravimeter
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Sea levels. The recent global rise of sea level. [Adapted
from V. Gornits, S. Lebedeff, and |. Hausen, Science
215(1982):1611-14.]



Famillar Benchmarks: IQ
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Benchmarks are Everywhere
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Bullseye
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Why Benchmark Energy Use?

# Establish baseline and
track performance

# Validate design

# |dentify best practices;
set goals or standards

# |dentify savings
potential

# Prioritize efforts

i # ldentify maintenance
o A and control problems

# Educate; Inspire!

Snohomish Co. - Elementary Usage Per Square
Foot

kWh/sqft/yr

Energy benchmarking is one part of a broader energy management process



Many possible metrics

# Energy
v (e.g. kBtu/ft>-degree day)

# Single fuel

# Peak power

# Cost

# Emissions

# “Unit-less” point
systems

# Service level

California Office Buildings

Your Building Typical

Whole Building Energy Use Intensity
(kBtu/ft“-year)




Many approaches

# Statistical (bell curve; vs. population)
# Point-estimates (vs. population avg.)
# Point-based (vs. best practice)

# Model-based (actual vs. efficient)

# Standardized (vs. test procedure)

Scope: self-referential; enterprise; stock;
relationship to codes

Timeframe: historic trends vs. current




Familiar Energy Benchmarks ...

...Fundamental differences in approach
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Benchmarking Can Be Done

at Any Scale

* Global CO2/Capita

Carbon Dioxide ermissions - annual tonnes per person
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Solomon EI

Lateral vs. Longitudinal:
e.g. Oil Refineries
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Decide What is Important
Before Benchmarking
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Choice of Benchmark
Determines Conclusion

Figure 4.1 Average Fuel Economy of Residential Vehicles for Model Years
Through 19895

1977-1995
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Figure 49 Average Residential Vehicle Fuel Consu'm.ptvon per Vehicle far Model

Years Through 1895
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Benchmarks Can Provide a
“Reality Check” for planners

California Data Center owners claim a need of 250 W/ft?2

Real data benchmarks the actual need between 10 and 100.

Currentand Projected Load Intensity

6 7 8 9 10 1112 13 14 15 16
Facility

mCurrent Computer Load mProjected Com puter Load




End-Use Intensities
Hawaiian Grocery Stores (kWh/ft2-year)

80.0 -
60.0 N _ = Cooling
] ] = m Fans/Pumps

40.0

T 0 Lighting
20.0 m N I 0 Refrigeration

0.0 EJ - i u - m_ | ® Other/DHW
Daiei Star Foodland Safeway Average Market

Source: HECO, Thomas D. Van Liew



Intensities x Enterprise

Energy per meal for 36 hotels, France

Std. Dev. 34% 27% 19% 32%
average
12 ] *k% —
10 || Sofitel 4* Novotel *** Mercure 2/3
T 8 - - - B I | [
= ey N\ | lbis2 |
L
: . HTERT T

category | conservation cooking dishwashing total standard

of hotels kWh/meal kWh/meal kWh/meal kWh/meal deviation
2% 0.44 2.08 0.25 2.77 0.94
2%* 3 3.81 3.89 0.25 7.95 2.18
3 3.67 3.99 0.21 7.86 1.47
4rx 2.53 3.92 0.13 6.58 213

Source: Le Strat et al., (1999)



Choice of Indicator is Key

Restaurants

Energy per unit floor area

3 —

2 — Lowest,

*

Most Predictable

Energy Use per Square Meter (MW h/m"2*year)
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Source: 1996 California Commercial End Use Survey




Choice of Indicator is Key

Energy per unit floor area Energy per meal
Annual Energy Consumption per square meter Energy Consumption per meal
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Café ranks “best” by one benchmark and “worst” by the other

Source: The Energy Data and Modeling Center, 2001



Beyond “Apples & Oranges’:
Pippins and Granny Smiths

Energy Use per Meal in kWh

O Storage,Cooling and Washing Energy in Restaurant B Cooking Energy OlIndirect Energy Use (Production & Transport)

Green Salad (starter)

Mixed salad (starter)

Rocket salad with parmesan (starter) |

Dried vegetables in olive oil (starter)

Antipasto Grande (ltalian starter

) |
Italian vegetable soup (starter)
Garlic bread (starter)

Big leaf salad

Mixed salad with fried pieces of trout |

Liver with Résti |

Vegetarian Samosas with salad

Spatzle Goreng with vegetables and chicken

Pasta with minced meat

Viennese Schnitzel with vegetables and french fries |

Macaroni with cream,cheese and onions

Lamb filet (from NZ) with vegetables and french fries |

Cheese ravioli with tomato sauce

Spaghetti with chicken, vegetables and cream

Rosti with vegetables

Data for Switzerland. Source: Balmer and Hintermann, 2000



Delivery of Service Levels:

C I eanrooms Air movement CFM/kW (hi

N
\J

her 1s better)

11000 ¢
10000 ¥ Averages (cfm [ KW)
- FFL: 1654

000 £ Ducted: 1733
s Pressurized Plenum: 5152

x
|ﬁl| | I I I I I 1

Fac. & Fac. A Fac B Fac B Fac B2 Fac. B2 Fac.C Fac.D Fac B Fas.E Fac F Fac F Fac.F Fac. F
Class 10 Class Class Class Class Class  Class Class 10 Class  Class Class 10 Class 10 Class 10 Class
Press. 100 100 100 100 100 100 Cucted 100 FFU 100 Press. Press. Press. 10k
Plen. Press. Ducted FFU Ducted FFU  Press Press.  Plen. Plen.  Plen.
Hen. Plen. Plen.

8000

7000 £

6000 +

5000

4000 1

3000-;

CFM / KW (higher is better)

2000 +

1000

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)



Some “Energy” Benchmarks
Don’t Even Include Energy

Air-changes per hour in Cleanrooms

700 ¢

co0 £ Class 100: 94 - 276
8 Class 10: 385 - 591

Fac. A Fac A Fac.B.1 Fac Bl Fac. B2 Fac.B.2 Fac.C Fac. D Fac. E Fac.E Fac.F Fac F Fac.F Fac. F
Class 10 Class Class Class Class Class  Class Class 10 Class Class Class 10 Class 10 Class 10 Class
Press. 100 100 100 100 100 100 Ducted 100 FFL 100 Fress. Press. Press. 10k
Plen. Press. Ducted FFU Ducted FFU  Press. Press. Plen, Flen. Flen.

Plzn. Plen. Flen.

Air Changes per Hour

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)



Component Benchmarking:

Cleanroom Chiller Efficiencies

N

U
kW/ton (lower 1s better)
1
— Air Cooled Average: 0.8 EWiton |
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o 0.8
n
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Water |Air Cocled|Air Cooled|Air Cooled|Air Coolad|  Water Water Water Water Water
Cooled 42F 40F 48F EOF Cooled Cooled Cooled Cooled Cooled
42F 40F 38F 36F 44F 43F
Fac. A Fac. B.1 Fac. B2 | Fac. B.2 Fac.B.2 Fac. C Fac. D Fac. E.1 Fac.E.2 Fac. F

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)




Cleanroom Energy Metrics

N

g *Recirculation air handler efficiency ecfm/kW
*Makeup air handler efficiency ecfm/kW
eAnnual energy cost per cleanroom square foot o$/ft?
*Annual fuel usage *MBtu/ft>-yr
*Annual electricity usage ok Wh/ft2-yr
*Annual energy usage *MBtu/ft>-yr
sMakeup air ocfm/ft?
eRecirculation air ecfm/ft? or ach
Chiller efficiency *kW/ton
*Tower efficiency *kW/ton
*Condenser water pump efficiency *kW/ton
*Chilled water pump efficiency *kW/ton
*Total chilled-water plant efficiency *kW/ton
*Hot water pumping efficiency *kW/MBtu
*Cooling load density oft?/ton

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)



From Benchmarking to Best

Practices

Laboratory Ventilation W/cfm

-
N
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Standard, good, better benchmarks as defined in
“‘How-low Can You go: Low-Pressure Drop Laboratory Design”
by Dale Sartor and John Weale, ASHRAE Journal
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Benchmarks as Screening Tool
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Labs21 Benchmarking Tool
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Analysis

Labs for the 21st Ce ry Web Toolki

File  Edit  View Favorites  Tools  Help . File Edit Yiew Favorites Tools  Help

Qe - (0 ¥ [F] G s Gl reories @Pveds €0 -0 | Qs - () [x] [2] 00 D sesch oravere: @Preda £2)

 Address | €] hitp:fuw.de.Ibl.gov/Labs21/CompareData.php?UserID=2

: Address |EJ http: f fesene, do,lblgovfLabsZ1 fGraphing, php

THE 21ST CENTURY
LABS FOR THE 21ST CENTURY

benClg@uins benchmarking
Choose Metrics and Filtering Criteria
Graphing Data
kdore Information
User LBNL
User Ll iOrganiza(iun Lawrence Berkeley National Lahoratory
Organization Lawrence Berkeley Hational Laboratory -
Total Building BTU/sfyr (site)
Please specify the metric criteria -
System H
S| -1 100
Energy / Efficiency Metric Red marker on top of the bar indicates Estimated Yalues
OO0
Please specify the filtering criteria - 350000
1. Lab Area / Gross Area ratio FO0000 E
| 256000 &
&
2. Occupancy ZO £
O Standard (=514 hours) 150000 =
> High (=14 hours) 100000
@ Both (all data) So000
3. Climate [Climate Code, Climate Type, Representative City] .
i ) i =] 15 (= o 5 afzl Gl Gleledn BOL R milEde Gl Sl kel SalA Sl
5. 5 Facilities
14, Wery Hot - Humid (Miami, FL) 24, Hot - Humid (Houstan, Tx)
[ ETu/sf—ur (sites o Lab Area 2
2B, Hot - Dry (Phoenix, A7) 34, Warm - Humid (Memphis, TN)
3E, Warm - Dry (El Paso, T 3C, Warm - Marine (San Franciscao, CA) T
44, Mixed - Humid (Baltimore, D) 4B, Mixed - Dry (Albuguergue, M) - S s .
AC, Mixed - Marine (Salem, OR) 54, Cool - Humid (Chicago, IL} Eacility Total Building Site Gross Area |BTU/sfyr 7" Occupancy Climate
5B, Cool - Dry (Hosie, ID) 64, Cold - Humid (Burlingtan, vT) Energy Use (BTU)
6B, Cold - Dry (Helena, MT) 7. Wery Cold (Duluth, Mh) [ 12613440000 54962 229493.83(0.19 [ 12[3c |
S, Subarctic (Fairbanks, AK) | 15 154866120404 532602 34?1DD.D?iiD.2 11)4C |
= 14396064000 55903 257518.63|0.3 12|[3C
[ 7 12350320000 441562| 279722.78|0.31 12|3C
| 5 21098712000 85761 248017 .56|0.31 12|[3C
| 19 40723337460 151435| 268916.28|0.35 1248
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Capturing Benchmarks with
esign Intent Documentation

N
\J

Design Intent Tool 1.0 - [LBML Project Template for Laboratories]

| File

| Introduction l Managerjecth’-l

Manage Template Fies | Lser Guide I Fesdback, I Help I ‘Web Home Page Ig

INTENT
TooL

VYERSION_1 .0

Project Name: LBANL Project Ter
Owmer

Today's Date:  08-20-2002

Select Design Area

_@ +/- AddfRemove |
v General
= Architectural: Loads
" Machanical: Ventilation Systar
¢ Mechanical: Chiller Plant
~ Mecharical: Heating Plant
" Electrical: Lighting System
" Electrical: Distribution System
™ Electrical: Renewable/Distribut
" Process: Process/Plug Loads
~ Operations and Malntenance

DESIGN B Design Intent Dacument Iq‘-j Owner's Gaals & Project Info | B Team Contact Info | @ Reports |
| Design Intent Tool 1,0

— Design Area Description
|Tlis area incudes whole-buiiding information or information pertaining to multiple design areas.

Select Objective
ﬁ +{- Details | (Thick this button to add, remove or edit Objectives for this project
Obiecive] Obiective Desciigl

Achieve high overall energy efficiency Energy efficiency is low energy consumption to accomplish a given task. High
overall efficiency is low whole-bulding energy uss (electric ensrgy, peak
electric power demand, natural gas, and any other Fuels) to provide a
labioratory bullding of a certain

— Sirategies
g +]- Details Click this button to add, remove or edit Strategies for the Objective selected above,
Index Shateqy Name Strateqy Description -
1 Exceed Title 24 requeement by factar of  Energy code requirements can typically be 2asily outpertormed. Such
25 [erengy uze 400% of Title 24 budgat]  requirements make a converient bazeline against which simulated il
peformance can be compared Title 24 s Califarnia's State Energy

Code Building: can comply with the Code ether by the prescriptive o
2 Achieve LEED Platimum rating The Leadership m Energy and Ervironmental Dezign (LEED] svstem
weas creabed by the LS, Green Building Council to comprehenzively El
rate buildings for their environmental impact and sustainabdity,
Platerwim is the haghest raling

3 Minimize be-cycle cost The ife-cycle cost of a bullding i its total cost over itz entiee life,
including design. construction, oparation, maintenance, renovation, EI
and decammizsioning, future costs are discounted to present value foo
comparizon, Miremizing life-cycke costs usually rasults in hgher first ;J
—Metrics
ﬁi e A R e | Click this button to view and edit Assessment Recards For the Objective selected above.
Indey  Metic Hame Metnc Descrpbon Taget  Units ﬂ
13 1 Total annual Kw/h/st ‘wihioke-building electic energy use per gross
square foot of bulding. From bulding electnc 1!
meder
2 Armwsal zource BTU/ ot [combined gas 'whols-building total energy use per gross squans
and electric) foot of building. Source BTU s iz caloulasted 1‘

1zin 2S00 BTN R nf slecimicity and A

o &l @ =~




Caveats & Pitfalls

# Intensity does not equal efficiency

# Hard to avoid apples-and-oranges
comparisons (want energy per unit of service)

# Normalization

v weather SCh;Z:oSE::EEUIS
v floor area 14

12
v schedule

10

H School w/Pool
E School

v plug loads

Count

v Indoor
conditions

v._energy price 0 20 40 60 80 100  More
v more.... Total EUI (kBtu/sf)

o [aS] E=N (o] Qo
L




Recommendations

# Decide how benchmark is to be used
v Choose type(s) of benchmarks
v Define “figures of merit” (metrics)
v Be creative -- think of audience

# Need practical data collection and analysis
strategy

# Recognize and possibly integrate with existing
non-energy benchmarking systems
# Benchmarking is a one-handed clap

v A means to an end.... What will be done with the
information?




Moral of the Story

“To define an energy efficiency
indicator is not only a technical
challenge, but also a pre-
structuring of the subsequent
policy choice.”

- Aebischer, et al. (2003)



Correlation is Not Causation!

Lunar Cycle versus DJIA 1915-1994
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Advice for Traders: “moon-trading is by no means a stand-alone approach”



